We use the field correlator method in QCD to calculate the masses of Σ c , Ξ c and recently observed Σ b , Ξ b baryons and their orbital excitations.
worthwhile.
The dynamics of the ud pair plays a relevant role, being mainly responsible for the spin splitting in the strange sector. A similar contribution is expected for charmed and bottom baryons. Estimates of the one-pion exchange contribution to the baryon mass give -180 MeV both for Λ and Λ b . Because our approach misses the chiral physics effects we calculate in this work the masses of the Σ and Ξ states which are affected by the chiral dynamics only slightly. Note that the b-baryons are structurally identical to the c-baryons: only a charmed quark is replaced by a beauty quark. Consequently, the analysis of b states and the results are only a variation of what is found for the charmed systems.
II. THE FORMALISM
FCM provides a promising formulation of the nonperturbative QCD that gives additional support of the quark model assumptions. The key ingredient of the FCM is the use of the auxiliary fields (AF) initially introduced in order to get rid of the square roots appearing in the relativistic Hamiltonian. Using the AF formalism allows to write a simple local form of the Effective Hamiltonian (EH) for the three quark system
where H 0 is the kinetic energy operator, V is the sum of the string potential and a one gluon exchange potential, m i are the bare quark masses, and µ i are the constant AF which are eventually treated as variational parameters. Such an approach allows one a very transparent interpretation of AF: starting from bare quark masses m i one arrives at the dynamical masses µ i which appear due to the interaction and can be treated as constituent masses of quarks.
The string potential considered in this work is
where σ is the string tension and r min is the minimal length corresponding to the Y-shaped string configuration
The mass M B of a baryon is given by
where ∆E HF is the spin correction,
E 0 (µ i ) being the energy eigenvalue of the Shrödinger operator H 0 + V , and µ i are defined from the minimum condition
For the light quarks (
C is the quark self-energy correction which is created by the color magnetic moment of a quark propagating through the vacuum background field [17] . This correction adds an overall negative constant to the hadron masses:
where η(t) is the known function [17] and 1/λ g is the gluonic correlation length. We use
Taking the approach implemented in [15] , the spin-independent masses can be obtained from (4) . We solve the non-relativistic Schrödinger equation with the confining and Coulomb interactions by the hyperspherical method to determine the constituent quark masses µ i and the zero-order baryon masses M 0 . Then we estimate HF splittings from the perturbative color-magnetic interaction with account of the wave function corrections.
The first term in (7) is the standard color-magnetic interaction in QCD [18] , while the second term, proportional to the string tension σ, was first derived in Ref. [19] .
We use the basis in which a heavy quark is singled out as quark 3 but in which the light quarks are still antisymmetrized. The calculation of the spin matrix elements in (7) is straightforward for J = 3/2, as the expectation value of each σ i σ j is 1.
The contact interaction in (7) requires the calculation of the δ function expectation values. These contact probabilities were calculated using 3-body wave functions obtained by a hyperspherical method. E.g. for L = 0 the square of the baryon wave function at zero relative two quarks separation is
where
is universal for all quark pairs, u 0 (x) is the hyperradial function normalized as
with
and
Note that wave function corrections which influence the hyperfine splitting between the different baryons tend to affect γ 0 by only a few per cent: γ 0 = 0.1207 for nnc, 0.1197 for nsc, 0.1161 for nnb, and 0.1153 for nsb (in units GeV 3/2 ).
The second term in (7) is expressed in terms of the integrals
III. THE RESULTS
We employ some typical values of the string tension σ and the strong coupling constant The result of the calculation of the S wave states is given in Table II. In this Table we also present the dynamical quark masses µ n , µ Table IV do not include the spin corrections (which are smaller than those for the S-wave states) and the (negative) string corrections contributing into the masses of the orbitally excited baryons [21] . Our preliminary analysis of the latters shows that the string corrections tend to decrease the masses of the P-wave states by ∼ 30 MeV. A more complete analysis will be given elsewhere.
We have calculated the masses of heavy baryons systematically using the FCM and the perturbative color-magnetic interaction. There are two main points in which we differ from other approaches to the same problem based on various relativistic Hamiltonians and equations with local potentials. The first point is that we do not introduce the constituent mass by hand. On the contrary, starting from the bare quark mass we arrive to the dynamical quark mass that appears due to the interaction. The second point is that for the first time we calculate the hyperfine splitting with account of the nonperturbative spin-spin forces between quarks in a baryon. We find our numerical results to be in agreement with experimental data and calculation in other approaches.
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